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Remodelling and restenosis: insights 
from animal studies 

William D. Coats, Jr, Jesse W. Currier & David P. Faxon 

Division of Cardiology, Diriment of Medicine, University of Southern California School of Medicine, USA 

Animal studies have been instrumental In elucidating the process of remodelling and its contribution to 
restenosis relative to neointimar formation following angioplasty. The majority of studies have utilized rabbit 
porcine and nonhuman primate models of vascular Injury. Despite the use of different experimental models! 
different forms of vascular injury, different methods of analysis and different definitions of arterial 
remodelling, all animal studies, with rare exceptions, have demonstrated the importance of remodelling in 
the maintenance of vascular patency in both atherogenesls and in restenosis following angioplasty The 
finding that remodelling in the nonhuman primate rs most comparable to that that occurs in man suggests 
that there may be a genetic predisposition to the balance of neointimal formation and arterial remodelling 
following vascular injury. 
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Introduction 

Evaluation of remodelling of the arterial wall following 
acute injury in experimental models has taken on 
substantial importance because of an increasing aware- 
ness that intirnal hyperplasia may not necessarily be 
the most important pathophysiological component of 
restenosis following angioplasty, Despite use of a 
variety of animal models and different experimental 
methods of vascular injury, these studies with rare 
exception have shown that remodelling of the arterial 
vessel wall following injury is crucial to the mainten- 
ance of vascular patency. This chapter will review some 
of the insights into remodelling and restenosis that have 
been gained from animal studies. 



Rabbit models 

Early studies utilizing moiphomfitric analyses of the iliac 
arterial response to retrograde balloon pullbacfc injury 
followed by cholesterol reeding in the New Zealand 
White rabbit concluded that progressive arterial luminal 
narrowing was due tcf the temporal increase in the size 
of the neointimal area {1). These findings were consist- 
ent with the then contemporary belief that intirnal 
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hyperplasia was the sole determinant of restenosis 
following balloon angioplasty. However, the study 
examined cross-sectional areas without preceding pres- 
sure fixation and the in vivo architecture of the vessel 
wall was not maintained at the time of analysis. Thus, 
any relationship between luminal narrowing, intirnal 
and medial areas and the overall size of the artery could 
not be accurately ascertained. Moreover, ongoing 
studies in humans utilizing inhibitors of cellular prolifer- 
ation in an effort to prevent the accumulation of 
neointimal cellular infiltrate were uniformly negative, 
suggesting that the pathophysiology of restenosis 
involved more than intirnal hyperplasia alone [2]. These 
findings led to more detailed morphometric analyses in 
several different rabbit models of arterial injury. Prelimi- 
nary studies demonstrated that intirnal hyperplasia 
accounted for less than 50% of luminal narrowing in 
the non-atherosclerotic" rabbit femoral artery 3 weeks 
following balloon dilation [3]. Thus, other processes 
must have contributed to the luminal renarrowing. 
Enlargement (remodelling) of the outer arterial circum- 
ference of uninjured atherosclerotic aortae was shown 
to occur over 10 months in rabbits that were intermit- 
tently fed a 1% cholesterol diet [4]. Morphometric 
analyses 3-4 weeks following balloon angioplasty in 
rabbit femoral arteries which had lesions induced by 
air-<faying and a 2% cholesterol-supplemented diet for 
four weeks revealed that the restenotic response was 
mediated by both chronic constriction (remodelling) and 
cellular proliferation [5]. Collectively, these studies led 
to the hypothesis that restenosis was only partly due to 

© 1997 W.S. Saunders Company Ltd 
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intimal hyperplasia and that remodelling of the injured 
arterial waD was an important component of the 
pathophysiology of arterial luminal renarrowing. 

The importance of remodelling in restenosis wa$ 
evaluated in detail by Kakuta et aL 16] who examined the 
morphometry changes in the atherosclerotic rabbit 
iliac model [7, &] from immediately post angioplasty to 
4 weeks following angioplasty when restenosis occurs 
in this model. The area circumscribed by the internal 
elastic lamina increased by 20% from acute to 4 week 
follow-up after angioplasty. Over the same time period, 
intimal area increased, but lumen area only slightly 
decreased because of the compensatory enlargement of 
the area circumscribed by the internal elastic lamina. The 
4-week post-angioplasty group was divided into two 
subgroups: restenotie and non-restenotia Surprisingly, 
the intimal areas of the two subgroups were virtually 
identical, despite, by definition, a smaller luminal area in 
the restenotie group. The difference in the lumen area 
between the groups was found to be the result of a 
significantly greater internal elastic lamina area in the 
non^restenotic group which had undergone compensa- 
tory enlargement. Although the internal elastic lamina 
and the intimal area correlatively increased in both 
groups, the slope of the correlation was less than one in 
the restenotie group and greater than one in the 
non-restenotic group, indicating that restenosis was due 
to less compensatory enlargement for similar increases 
in intimal area. The relation between intimal area and 
lumen area for aQ vessels in the chronic group demon- 
strated a biphasic relationship which showed that at 
small lumen areas, intimal area increased as lumen area 
decreased and at larger himen areas, intimal area 
increased as lumen area increased. These authors con- 
cluded that arterial enlargement occurred after angio- 
plasty in this atherosclerotic rabbit model and that 
differences in vascular remodelling initiated by balloon 
injury played a more important role than differences in 
neointimal formation in deterrmning chronic lumen size. 
Thus, it is hypothesized that restenosis occurs in this 
model due to a failure of the artery to undergo adequate 
compensatory enlargement ox 'favourable remodelling' 
in addition to neomtimal formation. It is noteworthy 
that all the morphometric data in this study was 
measured directly without any geometric assumptions 
and that sampling of the arterial sections was done at 30 
sites with an interval of le*- than 0,4 mm which allowed 
identification of the precise rruriimal lumen diameter 
One important limiting consideration may be that the 
study utilised acute and chronic groups of different 
animals. It is conceivable that vessels in this model may 
compensatorily enlarge initially and then restenotie 
vessels undergo 'unfavourable remodelling' or constric- 
tion at some later time point within the 4-week post- 
angioplasty time period. 

The potential for a cwnbinattoi of both lack of 
compensatory enlargement and a constrictive process 
has been suggested in a more recent landmark study by 
Lafont and coworkers 19]. In this study, focal femoral 
atherosclerosis was induced by endothelial desiccation 



followed by 4 weeks of a 2% cholesterol diet at which 
time angioplasty was performed. The morphometry of 
the arteries was examined 2>-4 weeks following angi- 
oplasty. Histological indices were defined as Mows: (I) 
chronic constriction: the ratio of the area circumscribed 
by the external elastic lamina of the lesion sfte to that of 
a normal proximal reference segment; (2) neointimal- 
medial growth: difference between the area of the 
in tima+ media of the proximal reference site and 
the lesion site normalized by the inbmal-medial area of 
the reference site; (3) adventitial growth: difference 
between the area of the proximal reference site and the 
lesion normalized by the adventitial area of the refer- 
ence site; and (4) late residual restenosis: difference 
between lumen areas of the reference and lesion sites 
normalized by the lumen area of the reference site. 
Another parameter defined as the ratio of the adventitial 
area to the area of the mtima+ media at the lesion site 
allowed evaluation of the relative importance of these 
layers. Surprisingly, late residual restenosis correlated 
with chronic constriction, but not neoinhrnal-medial 
or adventitial growth, suggesting that restenosis was 
independent of the degree of neointimal growth, which 
agrees with the hypothesis of Kakuta et aL [61 In 
contrast to the latter study, the degree of constriction 
among the lesions was observed by Lafont & aL [9] to 
be more of a continuum than a bimodal distribution 
with some arteries exhibiting constriction and others 
exhibiting compensatory enlargement (constriction indi- 
ces of <1 and >1, respectively). The data indicated that 
there was not only a lack of compensatory enlargement 
but also a constrictive component that influenced the 
outcome, since restenotie arteries were identified with 
increased tntimal-medial growth without cc^npensatory 
enlargement or constriction, arteries that exhibited 
generalized constriction without marked increases in 
neomtimaJ— medial growth, and arteries with a mixed 
response with varying degrees of neointimal-^nedial 
growth and either constriction or enlargement. These 
data are in agreement with the complex and diverse 
pathophysiologies involved in restenosis. This model 
also showed a strong inverse correlation between 
neomtimal— medial growth .and chronic constriction. 
This finding suggests that either a lack of neointimal 
growth results from chronic constriction or that com- 
pensatory enlargement follows neointimal growth. The 
latter possibility was observed by Kakata ei aL [6] since 
varying degrees of compensatory enlargement were 
observed for different amounts of mtirnal-medial 
growth. However, some robust mtimal hyperplasia 
occurred in this model and the differences in the 
remodelling process may reflect different responses to 
vascular injury. On the other hand, cHfferences in 
analytical methodologies may also contribute to dis- 
crepant findings since the previous study did not 
normalize data to a proximal reference segment, 
whereas Lafont et al. [9] did so in order to xninimize 
animal-to-animal variations. In this latter study, there 
was no correlation between adventitial growth alone 
with constriction; however, the ratio of the adventitial 
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to intimal-medial areas at the lesion site correlated 
with chronic constriction, suggesting that constriction 
may be influenced by altered balance between the 
relative size of the intimal-rnedial and adventitial areas 
in favour of the adventitia. These authors suggest that 
the relative dominance of the adventitia may impair 
compensatory enlargement and result in an apparent 
chronic constriction. However, it is important to note 
that since a strong inverse correlation was observed 
between neointimal-medial growth and chronic con- 
striction, and, there was no correlation between 
adventitial growth and chronic constriction, the possi- 
bility exists that if the normalized adventitial growth 
was similar among all vessels then the ratio of 
adventitial growth to neointimal-rriedial growth 
mathematically would be expected to correlate with 
chronic constriction. Thus, it is possible that the 
adventitia may not play as dominant a role in arterial 
remodelling in this rabbit model as proposed. Studies in 
other animal models to be discussed below have 
addressed the role of the adventitia more directly. 

Several studies have examined the relative con- 
tribution of neointimal formation and remodelling to 
restenosis in different rabbit models using different 
methods of morphometric analyses which have shown 
contrasting results [10, 11]. Post fit aL [10] examined 
intimal hyperplasia and remodelling in normal rabbit 
femoral arteries that were pressure perfusion fixed 3 and 
S weeks after conventional or thermal (37°C or 
55-90*Q angioplasty. In this model the neointima was 
defined as any tissue riraxrnscribed by the internal 
elastic lamina. The potential cross-sectional lumen area 
was calculated from the perimeter measurement of the 
internal elastic lamina, assuming a perfect circular con- 
figuration. This calculated measurement was then pre- 
sumed to be representative of the luminal area which 
would have been observed if there was no neointimal 
hyperplasia following vascular injury. Hie actual lumen 
area reported in this study was calculated by subtracting 
the area of the neointima from the calculated potential 
lumen area and then this area was assumed to be a 
perfect circular area. The difference between the radius 
of potential and actual lumen, as derived from their 
respective cross-sectional areas, was taken as the 
average thickness of neointima which, by virtue of these 
calculations, was assumed to be a perfect annular 
configuration. To assess the contribution of intimal 
hyperplasia, the doubled mean intimal thickness (that 
portion of the lumen diameter accounted for by neo- 
intimal formation) was then compared to angiographic 
late loss or restenosis which was defined as the differ- 
ence in angiographic diameter at the time of euthanasia 
and post-dilation diameter. The difference in late 
loss and doubled mean intimal thickness showed a 
discrepancy in which intimal hyperplasia could only 
account for 14-23% of late loss (doubled mean intimal 
thickness divided by late loss), This unexplained dis- 
crepancy in the reduction of luminal diameter versus 
btimal hyperplasia was defined as remodelling and was 
reported to be the major determinant of restenosis in 
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this model. Similar findings were observed in normal 
and atherosclerotic Yucatan pig models to be discussed 
below. Intuitively, the validity of the geometric assump- 
tion of annular neorntimal formation is difficult to assess 
since in most human and in some animal models 
restenosis develops eccentrically as it did to some 
extent in this study. Although some of the pitfalls in the 
comparison of angiography! and histological dimen- 
sion are mentioned, it also should be noted that single 
plane angiography can lead to very erroneous results 
due to eccentricity of the stenoses. In a worst case 
scenario, the formation of completely eccentric 
neointima occluding 50% of the restenotic artery in the 
form of a 'half-moon' could be observed as a 50% 
occlusion in one plane and would be perceived as 
normal when viewed at 90° to that plane. Thus, caution 
should be used in interpreting calculations based on 
circular geometry. However, it should be noted that 
Post et al [10] have utilized this analysis in a model 
which is more appropriate to the assumptions of annular 
neointimal formation and the data do reflect a difference 
in the relative contribution of neointimal formation and 
remodelling. In contrast to these studies, other studies 
utilizing a rabbit model have found that remodelling is 
not the principal pathogenic process in restenosis [111- 
Gertz et al [11] analysed pressure perfusion fixed seg- 
ments of rabbit femoral arteries 2 hours and 28 days 
following four subcategories of interventions at 
1 month post induction of focal atherosclerosis by 
endothelial desiccation and atherogenic diet. In mis 
study, arterial size and the reference or largest luminal 
area was calculated assuming a perfect circle using the 
perimeter measurement of the external elastic lamina 
and the perimeter measurement of the lumen, respect- 
ively. However, these authors measured the minimal 
luminal area directly in contrast to calculation from the 
perimeter [10] which would inappropriately normalize 
luminal irregularities likely to be present in vivo. The 
cross-sectional area narrowed by neointima, expressed 
as a percentage, was calculated as the (area circum- 
scribed by the internal elastic lamina minus the luminal 
area) x ioo divided by the area drcumscribed by the 
internal elastic lamina. The four interventional strategies 
employed were: (1) balloon angioplasty; (2) balloon 
angioplasty followed by treatment with antistatin 
(factor Xa inhibitor); (3) combined balloon angioplasty 
and laser; or (4) no angioplasty. The results demon- 
strated an initial posMnterventional gain in luminal 
diameter at the sites of angioplasty followed by a 
significant reduction in angiographic diameter and 
histDmoiprwmetric luminal cross-sectional area 26 days 
post-procedure compared to adjacent non-angioplas tied 
segments of the same arteries, to non-angioplastied 
control arteries, or to angjoplastied segments of animals 
treated with antistatin. By contrast, the overall size of 
the arteries at the sites of restenosis was not signifi- 
cantly different from the majority of adjacent non- 
angioplastied arteries, and the mean arterial size at the 
sites of restenosis was not significantly different from 
corresponding segments of non-angioplasty control 
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segments or from angioplasHed segments of animals 
treated with antistatic In the minority of angioplasHed 
arteries in which the arterial size did change, the arteries 
enlarged. These authors concluded that luminal cross- 
sectional narrowing by plaque and not geometric 
remodelling (defined as a decrease in arterial size) was 
the principal morphological feature associated with 
restenosis after angioplasty in this model The numerical 
data invites re-interpretation, as does the finding that 
the segment most narrowed by plaque was not always 
the segment identified as the smallest luminal area 
which directly states that the process of restenosis 
involves more than neoinrimal formation if the geo- 
metric assumptions in the methodology are valid. 
Perhaps the most obvious limitation to the study is that 
non-restenotic vessels were not subcategorized. It is 
possible that the restenosis reported in this study was 
due to neointimal formation and a failure to compen- 
satorily enlarge if there was a relationship between 
non-restenotic arteries and arterial size as reported by 
Kakuta at- [6], In this case, it could not be concluded 
that arterial rernodeOing did not play a significant role in 
this restenotic model This latter point illustrates the 
need for standard animal models, analytical methods 
and definitions of remodelling, all of which can affect 
conclusions on the relative contribution of remodelling 
and neointimal hyperplasia in restenosis. 



Porcine models 

Injury of porcine coronary arteries either by angioplasty 
using an oversize balloon or placement of an over- 
expanded stent or tantalum wire coil stimulates the 
formation of vascular lesions morphologically similar to 
those seen in human post-angioplasty restenosis [12, 
1SI Recently. remodelling has been investigated by 
several different laboratories using the porcine model, 
Andersen z\ «i [14] reported that remodelling rather 
than neointimal hyperplasia was responsible for luminal 
narrowing after deep coronary vessel wall injury. In this 
study, coronary injury was induced using a "chain- 
encircled" balloon sized so mat the ratio of the balloon 
and endrculahng chain to the artery was approximately 
1j6:I. The chain-^nrircled balloon was inflated in the left 
anterior descending coronary artery and then pulled 
back to create a deep drcumferenhal injury that 
removed the tunica media out to the adventitia. 
Anunals in two groups were followed by either serial 
angiography at pre-, 2 hours, 2 and 4 weeks post 
dilation or sacrificed at 3 weeks post dilation when the 
neointimal healing response is at a maximum [15]* Serial 
in vivo angiography in group I revealed a late loss in 
lumen diameter that was identical to that observed in 
group II using a post-mortem angiographic technique to 
visualize the pressure perfusion fixed coronaries in situ. 
Histology revealed a neointimal area at the site of 
maximal narrowing which equated to a neointimal 
thickness, assuming a perfect annular configuration, that 



could only account for no more than 30% of the late 
luminal loss. These authors concluded that constrictive 
vascular remodelling was responsible for at least 70% of 
the late loss in this (re)stenosis model These findings 
are similar to those found in the normal and atheroscle- 
rotic Yucatan micropig iliac balloon denudation model 
which showed that the percentage of late loss explained 
by neointimal hyperplasia was only 11% in the normal 
group and 49% in the atherosclerotic group [10]. Both 
studies used the geometric assumption that neointimal 
formation occurred in a perfect annular configuration. 
The pitfalls of this assumption have been discussed in 
detail previously. However, these studies provide evi- 
dence that the process of (re)stenosis in the porcine 
model likely involves both neointimal formation and 
remodelling. 

The concept that remodelling is a constrictive pro- 
cess in the porcine model is supported by several other 
recent studies which have focused on the contribution 
of adventitial changes following vascular injury [16, 17] 
Shi and coworkers [161 examined cellular content and 
composition, extracellular matrix deposition and thick- 
ening in the adventitia three, seven, 14 and 28 days 
following oversize coronary balloon inflation injury in 
the normocholesterolemic pig. The cell density 
increased by the third day and returned to baseline 
by 14 days post injury. The increase in cell density 
was paralleled by high proliferative activity in the 
adventitia. Coronary injury caused Ct- smooth muscle 
act in and desmin expression to increase above controls 
at 7 and 14 days, indicating the presence of adventitial 
myofibroblasts which may have arisen from pheno- 
typically transformed fibroblasts which invaded the area 
of injury. The above changes leading to myofibroblast 
formation were associated with a striking accumulation 
of collagen^ntairung scar tissue in a greatly thickened 
adventitia which was thicker than controls at all time 
points. The accumulation of contractile cytoskeletal 
proteins in myofibroblasts, in particular osmooth 
muscle actin, has been * hallmark of collagen matrix 
remodelling in vitro and in vivo [18, 191 In the presence 
of increased collagen deposition, adventitial myofibro- 
blasts may contribute to the process of scar contracture 
during wound healing [19] and it is postulated by Shi 
d ai. [16] to represent a putative mechanism of vessel 
constriction that has recently been reported to correlate 
with restenosis following angioplasty [0J. On the other 
hand the presence of increased adventitial collagen may 
contribute to a stiff/ 'collar-like' adventitia that prevents 
coronary dilation during neointimal forma Hon. Thus, 
the adventitial changes following coronary injury may 
cause unfavourable remodelling or prevent compensa- 
tory enlargement. Scott et al. [17] suggested similar 
conclusions using a balloon overstretch porcine model. 
In addition, these authors hypothesized mat the adven- 
titia could also contribute to lesion formation by 
contributing to the cellular mass of the neoinrJma via 
migration into the neomtnna by replicating cells of 
adventitial origin, Hence, studies in porcine models 
have suggested that both unfavourable remodelling and 
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Animal 



Diet 



Primary Injury 



Observed arterial remodelling 



Rabbit (5, 9) Atherogenic Endothelial desiccation 



Rabbit (6) 
Rabbit (3. JO) 
Rabbit (II) 

Rabbit (4) 
Swine (14) 
Yucatan pig (10) 
Swine (16. 17) 
Primate (20, 22> 
Primate (21) 



Atherogenic 

Normal 

Atherogenic 

Atherogenic 
Normal 
± Atherogenic 
Normal 
Atherogenic 
Atherogenic 



Balloon de-eridorhelialiEation 
Conventional thermal angioplasty 
Endothelial desiccation 

None 

Chain encircled balloon puDback 
Balloon de-endothetialization 
Oversize balloon dilation 
None 

Conventional angioplasty 



Chronic constriction, compensatory enlargement, lack of 
compensatory enlargement 
Compensatory enlargement 
Chronic constriction 

None Of slight Compensatory enlargement with luminal 

narrowing due to nec intimal formation 

Compensatory enlargement 

Constriction 

Constriction 

(Adventitial) constriction 
Compensatory enlargement 

Compensatory enlargement with plaque fracture, delayed recoil 
and intimal hyperplasia as fn man 



neointimal formation explain luminal narrowing and 
that vascular constriction may be due to adventitial 
changes following injury. 



Primate models 

There is a paucity of data from studies utilizing non- 
human primate models which is most likely due to the 
expense of the model. However, the few studies which 
have compared man with the atherosclerotic non-human 
primate [20] and the restenotic non-human primate [21] 
have shown that arterial remodelling is remarkably 
similar among primates. In contrast, other animal mod- 
els are not nearly as comparable to man, These studies 
suggest that the balance between neointimal growth 
and arterial remodelling may be tipped in either direc- 
tion by inherent genetic characteristics. In primate 
atherosclerosis, on average, lumen size is unaffected by 
plaque size 120]. Although the ratio of the intima to 
lumen increases, the absolute lumen size does not as a 
rule decrease in experimental primate atherosclerosis 
111], The maintenance of lumen size is possible because 
both the media and intima yield to hydraulic forces to 
cornpensatorily enlarge in an outward direction [22] and 
there is a trend toward overcompensation [20], This also 
suggests that a thickened adventitia does not have a 
rigid inner boundary, despite considerable fibrosis, as 
has been suggested for porcine models [16], The simi- 
larity of remodelling in human and non-human athero- 
sclerotic primates suggests that the process has general 
biological significance. The lack of compensatory 
enlargement may be a major determinant of whether a 
person with coronary artery disease develops its com- 
plications. Similarly, the response to angioplasty in 
non-human primates appears to closely resemble that in 
humans [21]. Plaque fracture, delayed recoil, intimal 
hyperplasia and remodelling may be important in deter- 
mining late lumen calibre. Thus, these non4iuman 



primate models that more closely mimic the response to 
injury of atherosclerotic human arteries may prove 
invaluable in defining the role of remodelling in athero- 
sclerosis and restenosis, thereby elucidating clinically 
useful therapeutic targets in man. 

Summary (Table 1) 

Rabbit studies have suggested that remodelling follow- 
ing arterial injury occurs as a result of lack of compen- 
satory enlargement, constriction of overall vessel size as 
well as a mixed response dependent upon the degree of 
neointimal formation with either enlargement or con- 
striction. Remodelling in the porcine models has largely 
been reported as a constrictive process that is relatively 
more important than neointimal formation and may 
involve changes in the adventitia following vascular 
injury. In contrast non-human primate models have 
reported that remodelling is a compensatory enlarge- 
ment process which most closely resembles that which 
occurs in man. The latter studies suggest that it is the 
lack of compensatory enlargement that is responsible 
for the clinical manifestation of atherosclerosis and 
restenosis in man. The various conclusions using differ- 
ent models of the same species, different species, 
different analytical methods, and different cfefinitions of 
remodelling generally agree that remodelling is a more 
important component than neointimal formation in the 
maintenance of vascular patency following injury, how- 
ever, the mechanistic processes remain to be elucidated 
and may depend, in part, on study methodologies. The 
most promising model for studying the remodelling 
process which may mimic that found in man, may be the 
non-human primate. 

References 

I Fuon DP. Weber VJ, HaudsuchUd C GoHsman SB, McCovem WA 
Ryan Tj> Acute effects of transluminal angioplasty in three experimental 
models of atherttderosia, Arimosdtrosis 1952; 2: 115-133. 



PAGE 31179 ' RCVD AT 2/9)2005 5:54:17 PM [Eastern Standard Time] 1 SVR:USPTOEFXRF-1/2 * DNIS:8729306 1 CSfl): ' DURATION (mm-ss):52-18 



FEB. 9. 2005 6:04PM PABST PATENT GROUP 

2 Franklin SM, raxon DP. Pharmacologic prevention of restenosis after 
coronary angioplasty, review of the randomhttd clinical trials. Coronary 
Af>er\/ Disease 199J; 4: 232-242 

3 Post M. Erven U Velsma E. Bentela M, Borst C WKieK part of the 
angiographic diameter reduction after balloon dilation is due to InHmal 
hyperplasia? / Ati Co// Cardiol 1993; 36 A: Abstract AS 1-695. 

4 Kerber RE, Armstrong ML Kieso RA, Smith RS, Tompkins PIC 
Compensatory enlargement (remodeling) of aterosclerotic arteries is 
time-dependent in rabbits, ateutntiw 199$-. Sff: No. 4 part X 1-521 
Abstract 2305. 

5 Latent AM Chlshoim CM, Whitlow PL Goomustie M. Comhill JF. 
Post-angioplasty restenosis in the atherosclerotic rabbit-, prob'fettlive 
response of chronic constriction? Gnubiicn 1993; 88; No, 4 part 2, 1-521 
Abstract 2fi06. 

6 Kakut* T. Currier IW. Haudenschild CC Ryan TJ. Paxon OP- Differences 
in compensatory vessel enlargement, not intirnal formation, account 
for rtMtenoils after angioplasty in the hyc*rcho!estercJemic rabbit. 
Omthfo* 1994i *9: 2809-2815. 

7 Faxon DP* Sanborn TA, Weber VJ. Haudenschild CC Cottsman SR. 
McGovern WA. Ryan T). Restenosis following transluminal angioplasty 
in experimental athcrasderosfe. Ajftriosckrwts 19*4; 4(3): 169-295. 

6 Faxon DP, Sanborn TA. Haudenschild CC Ryan TI. Effect of antiplatelet 
therapy on restenosis after experimental angioplasty. Am / Cardial 1984; 
53! 72C-76C 

9 Labont A. Guzman LA. Whitlow PL Gornnastk M Comhill JF, Chbolm 
GM. Restenosis after experimental angioplasty: mtxmal medial and 
adventitial changes associated with constrictive remodeling. Ore R*s 
1995; 76: 996-1001. 

10 Post MJ, Borst C Runts RL The rdabVc importance of arterial 
remodeling compared with MUmal hyperplasia in tnmcn fenarrow- 
ing after balloon angioplasty! a study in the normal rabbit and 
the hypefchol«sterolendc Yucatan mkropig. Ci*«kti*i 1994; 89: 
2816-2821. 

11 Certz SO. Chnple LW, Barui S, Ragosta M, Powers ER, Roberts 
WC Perez L5> Saremboek Ij- Geometric remodeling la not the 
principal pathogenetic process in restenosis after balloon angioplasty: 
evidence from correlative angScgT^phic^ustornoiphomchic studies of 
atherosclerotic rabbit*. Orxuialioa 1994? 90; 3001-3008. 



NO. 3080). caP. 32* 

12 Schwartz RS Murphy JG, Edwards WD, Camrud AR, Vfiesfcra RE. 
Holmes DR. Restenosis after balloon apfiloplisty: a practical prc&erativc 
model in porcine coronary arteries. Circulation 1990; 82; 2190-2200. 

13 Ka«s SP. Gravanis MB, Santolan EC Anderberg KA, King S6. Coronary 
tntanal proliferation after balloon injury and stenting In iwine: an animal 
model of restenosis. ] Ant Calf Otfdhi 1992; 20: 467-474, 

14 Andersen HR, Maeng Ml Tkorwrtt M, Falk E Remodeling ratfter than 
neointimal formation explains luminal narrowing after deep vessel wall 
injury: intight$ from a porcine coronary frcHtcnofiis model Gtadation 
1996: W 1716-1724. 

15 Santoian EC CraVanis MB, Karas SP. Schneider J£ Anderberg KA. Scott 
NA, Gpolla G. King SB. Sequence of the reparative phenomena and 
development of smooth musde proliferation following coronary angio- 
plasty in a swine restenosis model. Clin Res 1992: 4Ct 364A Abstract. 

16 Shi Y, Pieniek M Fafd A, O'Brien J. Mifinion JD. Zalewski A. Adventitial 
remodeling after coronary arterial injury, Ciratlativn 2996; 93t 340-44&. 

17 Scott NA. OpoIIa GD, Ross CE, Donn fi. Martin FR Simonct L Wilcox 
]N. Identification of a potential rale for the icVentitia In vascular lesion 
formation after balloon overstretch injury of porcine coronary arteries. 
QfetdolioH 1996; 2178-2167. 

16 Arora PD, McCuHoch CAG- Dependence of collagen remodelling on 
a-tmooth musde actin expression by fibroblasts. ] CeU Physiol 1994; 159: 
161-175- 

19 Skalli O, Gabbiani G. The biology of the myoftbrobiist; relationship to 
wound contraction and fibroccjitractile diseases, la- Clark RAF, Kenson 
PM, cds. The Weettlar and Cellular Biology of Wfrmd Ripair. Mew York. 
NY: Plenum Publishing Corp; 1988; J73-4fii- 

20 Oarkson TB. Prtehard RW, Morgan TM, Petfick GSl Kletn KP. 
Remodeling of coronary arteries In human and nonhuman primates. 

' JAMA 1994} 271: 289-294. 

21 Geary RL, Williams JK. Golden D. Brown DC ftmjamm ME, Adam* MR. 
Time oeurse of cellular proliferation InHmal hyperplasia and remodeling 
following angioplasty in monkeys with established amerosderosis. A 
nonhuman primate model of restenosis. ArttTiosder Thtfrrib Viw Bial 
1996: ifi: 3*-43. 

22 Anxi5rrDng ML Helsfcad DD, Marcus ML Megan MB, Piegtxf OJ. 
Structural and hemodynamic na p ci nsc s of peripheral arteries of macaque 
monkeys to atherogenic diet. ArUrte&lwsis 1985; 5: 336-346. 



PAGE 32/79 * RCVD AT 219/2005 5:54:17 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/2 1 DNIS:8729306 * CSfl): * DURATION (mm-ss):52-18 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

S IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



